ABSTRACT -(Seed germination ecophysiology of the wild pineapple, Ananas ananassoides (Baker) L.B.Sm. (Bromeliaceae)). In this study we investigated the effects of light, temperature, and storage on seed germination of the wild pineapple Ananas ananassoides, an understorey species found in cerrado woodlands. Seeds were germinated at temperatures of 15, 20, 25, 30 and 35 ºC and a 12-hr photoperiod and continuous darkness for 30-d. Seeds were photoblastic and the optimum temperatures for germination were 25 and 30 ºC. Seeds stored for 12-mo at room temperature and at 4 ºC were set to germinate at optimum conditions. Germinability of stored seeds did not differ from that of recently collected seeds, regardless of storage temperature, indicating their physiological potential for seed bank formation. Our results suggest that as in tropical rainforests, light may be an important factor controlling recruitment from seed banks for small-sized species from the cerrado woodlands.
Introduction
The extensive studies of seed longevity and germination of tropical-forest species have highlighted the importance of temperature and light in germination control (Vázquez-Yanes & Orozco-Segovia 1993) . Under a closed canopy and dense litter cover, light is prevented from reaching the forest soil surface, thus inhibiting germination of photoblastic seeds. Seeds of light-demanding species can cue for changes in light spectral quality and increases in diel (day-night) fl uctuations of soil temperature following canopy opening, and thus germination is promoted (Pearson et al. 2003) .
In contrast to several studies of regeneration in tropical rainforests, few studies exist on regeneration of savanna plant species. The forest/savanna boundary refl ects not only a discontinuity in species composition but also differences in tree density (Hoffmann et al. 2003) , resulting in higher light incidence and lower soil moisture in savannas. The Brazilian savanna (cerrado) comprises contrasting physiognomies ranging from open grasslands to nearly closed woodlands (cerradão), with a canopy 12-15m high and crown cover of 50-90% (Oliveira-Filho & Ratter 2002) . Grasslands have recently received attention regarding seed germination, which is not light-limited (Garcia & Oliveira 2007) . On the other hand, the canopy cover can prevent light from reaching the soil in the cerrado woodlands. Despite the marked fl oristic differences between rainforests and cerradão, they present similar vegetation structure, suggesting that environmental factors controlling seed germination may be similar. This study focused on the effects of light, temperature and storage on seed germination of a small-seeded understorey bromeliad from a closed woodland. We aimed to test light-dependence in seed germination and to determine their physiological longevity to be incorporated into seed banks.
Material and methods
The bromeliad Ananas ananassoides (Baker) L.B.Sm. is found in Neotropical savannas or inland low-shade forests, growing on soils with limited water-holding capacity and forming populations of variable densities. Fruits were dissected and the seeds removed had their seed coats disinfected with 2% sodium hypochlorite followed by washing in running water. Seed weight (dry mass obtained after exposing seeds at 70 ºC for 120 h) was determined by weighing four replicates of 25 seeds on a digital scale. Seeds were placed in Petri dishes (4 replicates of 25 seeds per treatment) covered with double sheets of fi lter paper and then incubated under 15, 20, 25, 30 for 12 months at 4 ºC or ambient (~ 25 ºC) temperature. Stored seeds were set to germinate at 25 ºC and a 12h-photoperiod and complete darkness. The Kruskal-Wallis test followed by the Conover test was used to determine differences among temperatures and the Mann-Whitney test was used to determine differences between light conditions at the same temperature (α = 0.05). Mean germination time (MGT) was calculated following Labouriau (1983) .
Results and discussion
The average weight of A. ananassoides seeds was 0.061 ± 0.01g. Temperature and light signifi cantly affected the germination of recently collected seeds. Germinability was greater under light than under darkness at all tested temperatures, except at 15ºC where values near zero were observed for both conditions (Tab. 1). Optimum temperatures for seed germination (highest germinability in less time) were 25 and 30 ºC, with signifi cant differences in germinability (H= 17.27; p< 0.001) and MGT (H= 12.29; p<0.006; Tab. 1).
Studies focusing on light effects on germination of Bromeliaceae seeds have yielded contrasting results, with fi ndings of negative, neutral, and positive effects (Mercier & Guerreiro-Filho 1990; Rosa & Ferreira 1998; Pinheiro & Borghetti 2003; Garcia & Oliveira 2007; Tarré et al. 2007; Vieira & Silveira 2010) . seeds of A. ananassoides are photoblastic and seed storage did not affect their photoblastism. Light effects on germination decrease with increasing seed size and are likely to be more closely related to seed size than to habitat (Fenner & Thompson 2005) .
Although the optimum temperature for seed germination ranges from 20 ºC to 30 ºC in bromeliads, temperature effects are associated with the environmental conditions where the species occur (Mercier & GuerreiroFilho 1990; Pinheiro & Borghetti 2003; Vieira et al. 2007; Vieira & Silveira 2010) . The negative effects on germinability caused by high temperatures seem to be widespread in bromeliads in different ecosystems, but since bromeliad species occupy a great diversity of habitats they might respond differently to temperature (Mercier & Guerreiro-Filho 1990 , Rosa & Ferreira 1998 , but see Pinheiro & Borghetti 2003 .
The temperature of seed storage did not affect germinability (H= 5.08; p= 0.08). Germinability of seeds stored at all experimental conditions was over 90% under light. Furthermore, seed storage did not alter seed photoblastism irrespective of the storage temperature (Fig. 1) , MGT was signifi cantly lower in the 4 ºC storage treatment compared to the other treatments (H= 7.54; p= 0.002; Fig. 1) ; thus suggesting that seed vigor was hardly affected by storage.
In our study, germinability of A. ananassoides was unaffected by seed storage temperature. Although low temperatures are preferred to reduce seed aging, many species can be stored at ambient temperature for long periods without signifi cant viability losses (Schmidt 2000) . Ananas ananassoides has small seeds that are similar to the seed size of typical pioneer species. Small seeds are usually photoblastic and easily buried, being more likely to have increased soil persistence (Fenner & Thompson 2005) . Our results suggest that A. ananassoides seeds are physiologically able to be incorporated into soil seed banks under closed canopy, such as those found in the "cerradão". However, because the conditions of artifi cial (ex situ) seed storage frequently do not match the natural conditions when seeds are in the soil (in situ storage), data should be viewed with caution. Available data on the germination and longevity of monocots from grasslands suggests that Bromeliaceae species do not maintain viability in the soil for over a 12-mo period and thus lack the potential to form persistent soil seed banks (Garcia & Oliveira 2007) . In situ storage experiments are needed to shed light on this issue. The high seed longevity of A. ananassoides under the tested storage temperatures has an important implication for seed conservation. Ex situ seed storage provides a supply of good quality seeds for planting programs whenever needed (Schmidt 2000) , and has been recommended as an effi cient conservation strategy of the biological and genetic diversity of wild plants (Tarré et al. 2007 ). Light response is often associated with small seed sizes and provides information on the regeneration ecology of plant species. In the classical accounts of succession in tropical rainforests, small seed size has been associated with lightdemanders while large seed size has been associated with shade tolerance (Metcalfe et al. 1998) . This model predicts that forest pioneer species with small photoblastic seeds have seed germination triggered by environmental changes following gap formation (Pearson et al. 2003) . Consequently, these pioneer species colonize open areas, thereby improving the establishment of shade-tolerant species as succession progresses. The small-sized, long-lived, photoblastic seeds of A. ananassoides represent life-history traits of a pioneer species, but seedlings are absent from open areas (Coppens d' Eeckenbrugge & Leal 2003) , which can be related to fi re intolerance and/or drought stress that reduces rates of seedling establishment, growth and survival.
In conclusion, the regeneration strategies of smallseeded species of "cerradão" can be similar to those of tropical forests. Under a closed canopy, vegetative reproduction of A. ananassoides may represent an alternative strategy for propagation in conditions of low germination. Consequently, the dynamics of gap formation may affect its spatial distribution and demography. We put forward that recruitment from seed takes place in open, litter-free sites whereas clonal reproduction occurs in shaded areas.
